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© A method for preparing electrically-conductive zinc oxide is herein disclosed, which comprises the steps of 
preparing a vapor mixture comprising zinc vapor and vapor of at least one member selected from the group 
consisting of dopant-forming metal compounds having boiling points of not more than that of zinc and free of 
oxygen atom in a predetermined mixing rate ranging from 0.005 to 5 parts by weight of the dopant-forming 
metal, as expressed in terms of the oxide thereof, per 100 parts by weight of zinc, as expressed in terms of zinc 
oxide; then oxidizing the vapor mixture with an oxidizing gas. 
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BACKGROUND OF THE INVENTION 
(a) Field of the Invention 
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SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to provide a method which permits, at low cost, the 
production of non-toxic electrically-conductive zinc oxide which has a high whiteness, which is free of 
5 coarse particles and correspondingly has a sharp particle size distribution, which has a powder specific 
" resistance of little dispersion because a dopant is uniformly distributed, and which has a low volume 
specific resistance. 

The inventors of this invention have conducted various studies to achieve the foregoing object, have 
* found out that the foregoing object can effectively be accomplished by oxidizing a vapor mixture which 
io comprises zinc vapor and vapor of a dopant-forming metal compound in a specific mixing ratio and thus 
have completed the present invention. 

According to the present invention, there is provided a method for preparing electrically-conductive zinc 
oxide which comprises the steps of preparing a vapor mixture comprising zinc vapor and vapor of at least 
one member selected from the group consisting of dopant-forming metal compounds having boiling points 
75 of not more than that of zinc and free of oxygen atom in a predetermined mixing rate ranging from 0.005 to 
5 parts by weight of the dopant-forming metal, as expressed in terms of the oxide thereof, per 100 parts by 
weight of zinc, as expressed in terms of zinc oxide; then oxidizing the vapor mixture with an oxidizing gas. 

BRIEF DESCRIPTION OF THE DRAWING 



Fig. 1 is a schematic diagram for illustrating an embodiment of the apparatus used for practicing the 
method for preparing electrically-conductive zinc oxide according to the present invention. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 



The dopant-forming metal compounds used in the present invention are those having boiling points of 
not more than that of zinc and free of oxygen atom. This is because if a dopant-forming metal compound 
having a boiling point higher than that of zinc is employed, the vapor thereof causes condensation upon 
mixing it with zinc vapor having a temperature lower than the boiling point of the compound. Accordingly, it 
30 is difficult to convert the dopant-forming metal compound into a desired dopant and further an excess 
energy is required for vaporization of a compound having such a high boiling point. On the other hand, the 
use of an oxygen-containing dopant-forming metal compound leads to formation of an oxide of the metal 
when the vapor of the compound is exposed to a high temperature and the metal oxide thus formed does 
not serve as a dopant at all. 

35 The dopant-forming metal compounds used in the present invention are, for instance, compounds of 
trivalent, tetravalent or pentavalent metals commonly used as dopants such as A!, Ga, In, Sn, Ge and Si 
(e.g., halides (preferably chlorides or bromides) and organometal compounds of these metals) and specific 
examples thereof include AICI 3 , GaCI 3 , InCfe, SnCU, GeCU, SiCU, AIBr 3 and SnBr 4 . 

In the method of the present invention, the vapor mixture comprising zinc vapor and vapor of the 

40 dopant-forming metal compound can easily be prepared by injecting, through a nozzle, the dopant-forming 
metal compound in the form of vapor or in the form of fine powder suspended in an inert gas as a carrier 
into a stream of the zinc vapor prior to the introduction thereof into an oxidation chamber. In this respect, 
the dopant-forming metal compound which is injected into the zinc vapor in the form of fine powder is 
vaporized during passing through the nozzle due to the sensible heat of the zinc vapor maintained at a 

45 temperature of, for instance, 910 °C or after it is injected into the zinc vapor through the nozzle and before it 
enters into the oxidation chamber to thus form a vapor mixture with the zinc vapor. At this injection process, 
the amount of the vapor of the dopant-forming metal compound is controlled to a range of from 0.005 to 5 
parts by weight (as expressed in terms of the oxide of the dopant-forming metal compound) per 100 parts 
by weight of zinc (as expressed in terms of zinc oxide). If the amount of the dopant-forming metal 

so compound is less than the lower limit defined above, the resulting electrically-conductive zinc oxide often 
has an insufficient electrical conductivity, while if it exceeds the upper limit, the effect due to the addition of 
the dopant is not increased any more in proportion to the added amount thereof and the whiteness of the 
resulting product is inversely apt to decrease. 

In the method according to the present invention, the foregoing vapor mixture is introduced into an 

55 oxidation chamber and the vapor mixture is mixed, in the chamber, with an oxidizing gas injected therein 
through a nozzle to thus burn and oxidize the zinc vapor. In the present invention, the vapor mixture may be 
burnt and oxidized in an open oxidation chamber or an oxidizing gas-injection nozzle may be positioned in 
the proximity of the outlet of the vapor mixture-injection nozzle in the oxidation chamber so that an oxidizing 
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gas is forced to blow in the oxidation chamber containing the vapor mixture to thus burn and oxidize the 
vapor. Examples of oxidizing gases usable in the present invention include air, air rich in oxygen (for 
instance, those having an oxygen content ranging from 25 to 50% by volume) and pure oxygen gas, but in 
general air and air rich in oxygen are used. These oxidizing gases at room temperature may be used as 
such or they may likewise be used after heating to a predetermined temperature level. The amount of the 
oxidizing gas used in the invention is not restricted to any specific range so far as it is higher than the 
lowest level required for the complete oxidation of the zinc in the vapor mixture. In this respect, the particle 
size and the particle size distribution of the resulting zinc oxide are somewhat affected by the amount of 
oxygen used and, therefore, the amount of the oxidizing gas to be used may appropriately selected 
depending on the desired particle size and particle size distribution of the resulting zinc oxide. 

Incidentally, when a halide is used in the present invention as the dopant-forming metal compound, a 
trace amount of halogen molecules is sometimes adsorbed on the resulting zinc oxide depending on the 
conditions for the oxidation. For this reason, if the resulting electrically-conductive zinc oxide is used in 
applications which may adversely be affected by the presence of a trace amount of halogen molecules (in 
particular chlorine molecules), hydrogen gas may be added to the oxidizing gas injected into the vapor 
mixture comprising zinc vapor and vapor of the dopant-forming metal compound in an amount less than the 
lower explosive limit of the resulting oxidizing gas/hydrogen gas mixture, or the resulting electrically- 
conductive zinc oxide may be washed with water and then dried to give electrically-conductive zinc oxide 
free of halogen molecules. 

The method according to the present invention will hereinafter be explained in more detail with 
reference to the accompanying drawing. 

Fig. 1 is a diagram schematically illustrating an embodiment of the apparatus used for practicing the 
method of the present invention. In Fig. 1, reference numeral 1 represents a rectifying column for refining 
zinc, 2 a nozzle for injecting vapor or fine powder of a dopant-forming metal compound. 3 a nozzle for 
injecting a vapor mixture, 4 an oxidation chamber, 5 a nozzle for injecting an oxidizing gas, 6 a tube for 
introducing cooling air, 7 a bag filter and 8 an aspiration fan respectively. The nozzle 2 for injecting vapor or 
fine powder of a dopant-forming metal compound is represented by a simplified form in Fig. 1, but the 
structure thereof is not restricted to a specific one so far as the nozzle permits the supply of vapor or fine 
powder of a dopant-forming metal compound to the oxidation chamber at a constant velocity. The nozzle 5 
for injecting an oxidizing gas is likewise depicted in a simplified form in Fig. 1, but the structure thereof is 
not likewise restricted to any particular one so far as the structure thereof allows direct blowing of an 
oxidizing gas in the oxidation chamber containing the vapor mixture. It is preferred to design the nozzle 5 
such that the zinc vapor is instantaneously oxidized with the oxidizing gas injected through the nozzle 5 
immediately after the zinc vapor is injected through the vapor mixture-injection nozzle 3. 

In the apparatus shown in Fig. 1, the rectifying column 1 for refining zinc is used as a source for 
generating zinc vapor, but other zinc vapor-generating devices such as a retort, a crusible or an electric 
furnace may likewise be used in the method according to the present invention. The rectifying column 1 for 
refining zinc permits continuous discharge of highly pure zinc vapor in a large amount and the amount of 
the zinc vapor discharged is liable to be stabilized within a deviation of ± 10%. Therefore, the oxidation 
chamber is preferably directly connected to the rectifying column 1 used in a dry zinc-refining process as 
shown in Fig. 1. Moreover, the use of the rectifying column 1 for refining zinc is also preferred, since it is 
not necessary, in this case, to discharge the zinc vapor in the form of a mixture with an inert gas as a 
carrier gas. 

The zinc vapor refined and evaporated in the rectifying column 1 is uniformly mixed with vapor of a 
dopant-forming metal compound injected in the oxidation apparatus through the vapor mixture-injecting 
nozzle 2 to form a vapor mixture and the resulting vapor mixture is injected into the oxidation chamber 4 
through the vapor mixture-injecting nozzle 3. The vapor mixture-injecting nozzle 3 preferably has an orifice 
whose cross sectional area is not less than 2 cm 2 in order to prevent any clogging thereof. In the method 
according to the present invention, it is also preferred to control the zinc vapor-generating rate to a level of 
not less than 6 g/min in order to improve the productivity rate and to prevent any clogging of the nozzle. 
Furthermore, the temperature of the zinc vapor is preferably not less than 850 *C . This is because if the 
temperature of the zinc vapor is less than 850 * C , it is often observed that a part of the zinc remains 
unreacted. If the zinc vapor used in the invention is discharged in the form of a mixture with a carrier gas 
such as an inert gas, the vapor mixture-injecting nozzle 3 possibly causes clogging in the proximity of the 
outlet thereof. Therefore, it is preferred, in the present invention, to use zinc vapor without using any carrier 
gas. 

In the method of the present invention, the vapor mixture may be burnt and oxidized by simply injecting 
the mixture through the vapor mixture-injecting nozzle 3 in an open oxidation chamber, but an oxidizing 
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gas-injection nozzle 5 may be positioned in the proximity of the outlet of the vapor mixture-injection nozzle 
3 in the oxidation chamber so that an oxidizing gas is forced to blow in the oxidation chamber containing 
the vapor mixture to thus burn and oxidize the vapor. 

In the present invention, the oxidizing gas is in general used in such an amount that it can supply an 

5 amount of oxygen which is slightly greater than 1 and not more than about 50 expressed in terms of 
equivalent ratio of oxygen to zinc present in the zinc vapor discharged from the vapor mixture-injecting 
nozzle 3 (equivalent ratio: CVZn). If the content of oxygen in the oxidizing gas is less than the lower limit 
defined above, the oxidation of the vapor mixture is insufficient, while if it exceeds the upper limit, the vapor 
mixture is possibly cooled and the oxidation thereof is sometimes insufficient. 

io The zinc oxide thus prepared is aspirated through the aspiration fan 8, cooled with air introduced into a 
piping which communicates the oxidation chamber to the aspiration fan through the tube 6 for introducing 
cooling air and collected through the bag filter 7. 

As has been discussed above in detail, the present invention permits the preparation of zinc oxide 
without causing any clogging of the vapor mixture-injecting nozzle 3 and accordingly the method of the 

75 present invention allows the continuous production of ultrafine powder of highly pure zinc oxide. 

Moreover, the electrically-conductive zinc oxide prepared according to the present invention can be 
calcined at a temperature ranging from 200 to 600 in an inert or reducing atmosphere to thus control the 
volume resistivity of the powdery zinc oxide to a level of less than that of the conventional products and to 
stabilize the volume resistivity. Furthermore, a reduction in the whiteness can be prevented by appropriately 

20 selecting the reducing atmosphere as a calcination condition. 

In the method of the present invention, a vapor mixture of zinc vapor and vapor of a dopant-forming 
metal compound is burnt and oxidized with an oxidazing gas. Therefore, dopant components are uniformly 
distributed throughout each zinc oxide particle and each dopant element is substituted with a Zn element in 
the crystal latice of zinc oxide. For this reason, the resulting electrically-conductive zinc oxide has a uniform 

25 powder specific resistance of little dispersion. Thus, the method according to the present invention can 
eliminate the need for a conventionally used reductive calcination process required for stable substitution of 
Zn elements in the zinc oxide crystal latice with dopant elements. This permits the elimination of oxygen 
defects possibly formed in the zinc oxide crystal latice due to the reductive calcination and ensures a high 
whiteness of the resulting electrically-conductive zinc oxide. Moreover, the method of the present invention 

30 makes it possible to continuously prepare electrically-conductive zinc oxide at a high reaction rate and at 
low cost through a simple technical means. 

Furthermore, if the electrically-conductive zinc oxide prepared according to the present invention is 
calcined in an inert or reducing atmosphere, the resulting powdery product has a low and stable volume 
resistivity as compared with those prepared by the conventional methods. In addition, the use of a reducing 

35 atmosphere as a calcination condition milder than that used in the conventional methods permits the 
maintenance of a desired high whiteness of the resulting product. 

The method of the present invention will hereinafter be explained in mode detail with reference to the 
following working Examples, but the present invention is by no means limited to these specific Examples. 

40 Example 1 

Conductive zinc oxide was prepared according to the following manner using an apparatus having the 
structure shown in Fig. 1. Anhydrous aluminum chloride (AICI 3 ) as a dopant-forming metal compound was 
blown in the apparatus through a nozzle 2 at a predetermined velocity of 1 .92 kg/h using an N 2 gas-purged 

45 oscillating feeder and N 2 gas as a carrier. On the other hand, zinc vapor maintained at 910 °C which had 
been evaporated and refined in a rectifying column 1 for purifying zinc at an evaporation speed of 30 kg/h 
was introduced into a mixing zone of the apparatus to give a vapor mixture comprising the zinc vapor and 
the AlCb vapor or dispersion. The resulting vapor mixture was introduced into an oxidation chamber 4 
through a vapor mixture-injecting nozzle 3. The oxization chamber was in an open system so that the 

50 surrounding air freely flowed into the oxidation chamber and accordingly the vapor mixture was burnt and 
oxidized without forcing the air to flow into the chamber. The zinc oxide formed was aspirated by an 
aspiration fan 8 through a piping, cooled with air introduced into the piping through a cooling air-introducing 
tube 6 and thus collected by a bag filter 7. Various properties of the zinc oxide thus obtained were 
determined according to the following methods. The results thus obtained are summarized in the following 
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Table 1 . 



5 



EP 0 597 380 A1 



w 



Volume Resistivity 

The resulting zinc oxide was pressure-molded, at a pressure of 2 ton/cm 2 into a test piece and the 
Specific Surface Area 

This was determined by nitrogen gas adsorption according to the B.E.T. one-point method. 
Whiteness 
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The L value of the electrically-conductive zinc oxide was determined by Color Computer (SM-5 Tvoe 
* r "nc S o?de TeStin9 M3Chine ) ^ ^ ^ L — * £ S Sof 

Moreover, the electrically-conductive zinc oxide prepared in Example 1 was chemically analyzed and 
the a.um.num content thereof was found to be 2.0 parts by weight (as expressed in Sms of the wetaMol 
aluminum oxide) per 100 parts by weight of zinc oxide. Furthermore, the etectrically-conductive z^c oxide 
was also subjected to an X-ray diffraction analysis and it was found that the pea£ Dosttons and ^2 
30 Z7? Tr 01 :™ W° M y in t with those observed for he refgenHnc oxide TOs 

c eahy ,nd,ca tes that the crysta.lizability of the resulting e.ectrica.ly-conductive zinc oxfde s idenS tolhTt 

Is doped 9 2 ' nC ° X ' de tHat * " 8 C ° mPOSite ° Xide COmprisi "9 «■* crystals in which alum^um 
25 Examples 2 to 5 

Conductive zinc oxides were prepared in the same manner used in Example 1 exceot that oallium 
ch onde (Examp.e 2), indium chloride (Example 3). stannic ch.oride (Example^ and S 
galhum chlonde and stannic ch.oride (Example 5) were used instead of the aluSum cZride used In 

samT 1„ Van0 H S ° f 6aCh reSU ' tin9 e<ectrica.,y.conductive *c 0,l6eZe76^ZZ Z 

same manner used m Example 1. The results thus obtained are summarized in Table 1 given bZw 

Example 6 

A vapor mixture was prepared in the same manner used in Example 1 and an oxidizing gas maintained 
tZ* » WaS H d,rectly injected into an nation chamber jn ^ ^or was also jS"^ 

through an ox.d.zmg gas-injecting nozzle 5 positioned in the chamber 4 in the proximity of thV outlet ofa 

cond,t,on) to oxid.ze the zinc vapor and to thus give zinc oxide. At this stage, the equivalenl ratio of the 

SKJdTT °f i2in9 938 *° 2inC Pr6Sent the miX6d 2inc va *°' tatJETSS Sin/was 
zinc ° fde were'VrmZ ^l 0 " 0 ™ 9 Tab ' 6 2 " VaHous * *e resulting electrica.lySn^ucIe 

nl^l th ! determined in the same manner used in Example 1 and the electrically-conductive zinc 

^s^rzv?^ ana,yzed to determine ,he amount ° f - — idize/zr^r;, 0 

Examples 7 to 1 1 

th. ITJ?™ T? e ? U J eS USed in EX3mp,e 1 were repeated that an oxidizing gas was used under 

esuZ *S2 6 a,,ed 10 735,6 2 t0 9iVe el ^rically.conductive zinc oxides. Variou properties of each 

rX^' , ^ Ve ZhC ° Xide W6re dete ™ ned ^ the same manner used in Example The 
results thus obtained are summarized in Table 2 given below. example l. The 
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Examples 12 to 14 

The electrically-conductive zinc oxide prepared in Example 1 was calcined under the calcination 
conditions listed in the following Table 3 to give electrically-conductive zinc oxides having properties listed 
in Table 3. 
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Table 3 



Ex. No. 


Conditions for Calcination 


Volume Resistivity (Q • cm) 


Whiteness (L * ) 




Temp. ( 8 C) 


Time (min) 


Atmosphere 


12 
13 
14 


300 
400 
400 


60 
60 
60 


CO 
CO 
H 2 


4.5 x 10~ 1 

2.6 x 10" 1 
1.8 x 10~ 1 


94.53 
94.25 
91.11 



0 



Examples 15 to 17 
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The electrically-conductive zinc oxide prepared in Example 8 was calcined under the calcination 
"Stel " ^ f ° ,,0Wing Tab,e 4 t0 ° IVe e, - trica,, ^nductive zinc oxides having pn^ES 



Table 4 



Ex. No. 


Conditions for Calcination 


Volume Resistivity (Q . cm) 


Whiteness (L * ) 




Temp. CC) 


Time (min) 


Atmosphere 


15 
16 
17 


300 
400 
400 


60 
60 
60 


CO 
CO 
H 2 


7.3 x 10° 
7.1 x 10' 
9.8 x 10" 1 


93.41 
93.86 
92.56 



Claims 



mirl P re P ann 9 electncally-conductive zinc oxide comprising the steps of preparing a vapor 

Zlnfr PnS,n9 2 ,' nC V3P0r VaP ° r ° f 3t ,east 0ne member selected from the group consisting o 
dopant-forming metal compounds having boiling points of not more than that of zinc and free of oxygen 

ZZ m J Predete ™ ned mixi "9 rate ra "9ing from 0.005 to 5 parts by weight of the dopant-forming 
J expres * ed ' n terms of tha oxide thereof, per 100 parts by weight of zinc, as expressed in 
terms of z.nc oxide; then oxidizing the vapor mixture with an oxidizing gas 

Z ^nZeT^XXX'tV Wh6rein ^ d ° pant - f0rmi ^ -eta, compound is a chloride or a 



6. 



The method according to claim 2 wherein the dopant-forming metal compound is selected from the 
group cons,st.ng of AICI 3 . GaCI 3 , lnCI 3 , SnCU, GeCU. SiCU, AIBr 3 and SnBr*. 

The me t hod according to claim 1 wherein it further comprises the step of adding hydrogen gas to the 
oxidizing gas injected into the vapor mixture in an amount less than the lower explosive limit of the 

Z fS^SZ? 9aS/hydr09en 9as mixture ' or washi "9 resulting electrically-conductive zinc oxide 
w.th water and then drying to give electrically-conductive zinc oxide free of halide molecules. 

ir^tr> e !, h ° d a ^ COrdin9 to claim 1 wherein * fL "ther comprises the step of calcining the resulting 
almosSe 6 ° Xide 31 3 tempera,Ure ran9in 9 from 200 to 600 -c in an inert or reducing 

L h voe m n e rnnl a ? COrdin9 '° °T ' Wh6r8in the ° Xidi2in9 935 is air or air rich in having an 

oxygen concentration ranging from 25 to 50% by volume. 

The method according to claim 1 wherein the vapor mixture is prepared by injecting, through a nozzle 
he dopant-formmg metal compound in the form of vapor or in the form of fine powder suspended in an 
.nert gas as a earner ,nto a stream of the zinc vapor prior to the introduction thereof into an oxidation 
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step. 

8. The method according to claim 1 wherein a rectifying column for purifying zinc is used for generating 
zinc vapor. 

5 

9. The method according to claim 1 wherein a vapor mixture-injecting nozzle used has an orifice whose 
cross sectional area is not less than 2 cm 2 and the zinc vapor-generating rate is controlled to not less 
than 6 g/min. 

io 10. The method according to claim 1 wherein the temperature of the zinc vapor is not less than 850 • C. 
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